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HERMETIC OPTICAL FIBRE FEEDTHROUGH 
ASSEMBLY 

Field of the invention 

5 

The invention relates to the provision of a hermetic design of optical fibre feedthrough, 
suitable for single fibres or multi-fibre ribbons. The hermetic fibre feedthrough assembly 
(fta) may then be employed in the construction of hermetic packages for active or 
passive optical components finding application in optical fibre telecommunication 
10 systems and networks, whereby the component, sealed in a controlled atmosphere, is 
afforded protection against deleterious effects of, for example, humidity in the ambient 
environment. The invention is also applicable to polarisation maintaining (pm) fibres. 

Background to the Invention 

15 

Several methods have been proposed for effecting a hermetic seal round optical fibres 
(1,2,3,6,8), all of which involve access to the silica surface by removal of any protective 
polymer coating. This renders the fibre more prone to mechanical failure by stress- 
induced growth of surface flaws, and so it is necessary to protect any exposed fibre 

20 surface from induced stresses (for example caused by buckling of the fibre in the 
assembly resulting from grow-out in the external pigtail, or caused by tensile or torsional 
strains transmitted as a result of movement of the external pigtail). These effects are 
exacerbated close to the hermetic seal, where the compressive collar formed by the 
sealant material causes localised regions of tensile stress in the surface of the fibre (9). 

25 Paschke et al (5) employ a glass capillary to inhibit buckling, and Eales et al (4) use an 
epoxy vacuum backfill technique to provide the necessary protection. 

The high local stresses associated with forming a hermetic seal can also inhibit the 
polarisation maintaining ability of pm fibres if the symmetry of the sealing region is not 
30 maintained. Donaldson and Freer (7) address this issue by controlling the wetting of a 
solder seal using patterned metallisation on the fibre. 

Figure 1 (a) shows a typical prior art embodiment, where a hermetic seal is provided by 
the reflow of a sealant material (104) at the front of a ferrule of substantially constant 
35 bore (103) and mechanical support for the stripped fibre (101, 102) behind the seal is 
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provided by vacuum backfilling the rear of the ferrule with an appropriate adhesive 
(105). 

Figure 1 (b) illustrates uneven wetting of the sealant material (106)(caused by capillary 
action of the sealant if the fibre is not precisely centred in the bore of the ferrule), one 
effect of which is to give rise to non-symmetric (lateral) stresses on the fibre (101) and 
hence inhibit the polarisation maintaining ability of pm fibre. 

Figure 1 (c) illustrates a trapped void (107) in the backfilled adhesive (caused by 
deficient vacuum backfill procedure). In such a configuration, the void provides a 
compliant surface for the accommodation of differential thermal expansion between the 
adhesive (105) and the ferrule (103), and the resulting strains on the fibre (101) can 
give rise to temperature dependent bend loss, temperature dependent changes in the 
polarisation maintaining ability of pm fibre and even fracture of the fibre. 

Figure 1 (d) illustrates the generation of a void (109) in a backfilled ribbon fibre fta 
(caused by asymmetric failure of the bond between the backfilled adhesive and the 
internal surface of the ferrule (108) as a result of the shrinkage of the adhesive upon 
cure or the differential expansion between the adhesive and the ferrule in cooling from 
an elevated cure temperature, or both, expressed across the width of the array of 
fibres). The effect of such a shrinkage void is to place high shearing stresses on the 
fibres adjacent to the void, which can result in bend loss, temperature dependent bend 
loss, loss of polarisation maintaining ability of pm fibres and fibre fracture. 

Background Art References 

1. US 4 1 19 363 (1976) Camlibel and Rich. 

Soldering round bare fibre in a metal tube to effect compression seal. 

2. US 4 252 457 (1978) Benson, Camlibel, MacKenzie and Rich. 
Swaging annealed metal ferrule round bare fibre to effect compression seal. 

3. US 4 357 072 (1980) Goodfellow and Carter. 

Soldering to metallised fibre in SLED package and subsequently adjusting alignment of 
fibre to SLED. 
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4. GB 2 124 402 (1983) Eales, Leggett, Ashton and Bricheno. 
Au/Sn soldering to metallised fibre in laser package. 

5 5. US4 904 046(1989)Paschke, Kreutzmann and Hack. 

Glass soldering to bare fibre and providing glass tube to inhibit buckling. 

6. US 5 155 795 (1991) Wasserman and Kerek. 

Glass soldering to metallised fibre in two-part metallic ferrule. 

10 

7. US 5 664 043 (1997) Donaldson and Freer. 

Soldering to (patterned) metallised fibre to control symmetry of (and hence stress 
applied by) solder fillet. 

15 8. "Electroless plating of optical fibers for hermetic feedthroughs", Watson et al, Proc. 
Elect. Comp. & Tech. Conference (2000), p250. 
Soldering to fibre plated with solderable Ni-P in Kovar ferrule. 

9. 'The circular cylinder with a band of uniform pressure on a finite length of the 
20 surface". Barton, Journal of Applied Mathematics, 8, pp A97 - A1 04, 1 941 . 

10. "Strength of Materials ", Timoshenko, (Krieger, 1956). Part II, Chapter V. 

25 Summary of the Invention 

The object of the invention is to provide improved methods addressing the above 
mentioned issues. The invention provides methods as set out in the claims, and can 
provide a method of forming a hermetic seal round one or more optical fibres in a 
30 feedthrough assembly that also provides protection against adverse stresses resulting 
from mechanical movement of the associated pigtail or thermal cycling of the assembly 
or asymmetric distribution of the sealant material. 

The embodiments of the present invention differ from prior approaches in four notable 
aspects. First, the functions of mechanical support and hermetic sealing are separated 
35 into two ferrules (the rear 'spacer' ferrule and the front 'sealing' ferrule), thus allowing 
independent control and optimisation of these two functions. Second, the wetting of the 
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hermetic sealing glass is controlled by the geometry of the sealing ferrule in the region 
of the seal. Third, the fit and geometry of the two ferrules is arranged such that when 
the ferrules are attached together in a final assembly stage, the attachment adhesive is 
reliably prevented from wetting into the critical space behind the hermetic seal. Fourth, a 
5 coating is provided for the waveguide where it issues from the hermetic seal, to act as a 
bend limiting feature, to protect the waveguide from damage. This is particularly useful 
where the seal and an optical device is assembled and attached to the waveguide 
outside a package and later inserted into the package and the seal is attached to the 
package. 
10 In particular: 

(i) some examples of the invention incorporate the pre-assembly of a rear ferrule 
component on to stripped fibre in order to provide inspectable, good support of stripped 
fibre against buckling, tensile or torsional strains. 

(ii) some examples of the invention incorporate a close fitting rear ferrule insert in order 
1 5 to control the wetting of the adhesive that attaches the rear ferrule to a front ferrule, thus 

avoiding asymmetric adhesive filling or asymmetric voids (and thereby avoiding adverse 
stresses on the fibre resulting from differential thermal expansion between the adhesive 
and the front ferrule during thermal cycling) without the need for vacuum backfill. 

(iii) one embodiment of the invention incorporates a bead feature on the rear ferrule 
20 insert that can ensure an interference fit between rear ferrule insert and front ferrule, 

thus further aiding control of wetting of the adhesive that attaches the rear ferrule to the 
front ferrule. 

(iv) one embodiment of the invention incorporates a vent port in the front ferrule wall 
that prevents differential pressure being generated across the adhesive that attaches 

25 the rear ferrule insert to the front ferrule during cure (as a result of temperature 
variations during the curing process), ensuring good fill of the attaching adhesive 
between the two components. 

(v) a further embodiment of the invention incorporates a reinstated coating bend limiter 
in order to provide additional protection to the stripped fibre where it leaves the hermetic 

30 seal 

(vi) some examples of the invention incorporate a stepped bore at the hermetic sealing 
end of the front ferrule in order to control wetting of the reflowed sealant material, 
ensuring substantially symmetrical radial stress on the fibre or fibres and thereby 
avoiding degradation of the polarisation maintaining capability of pm fibres. 

35 (vii) the embodiments of the invention including the processes described below are 
readily adaptable to provide 'in-line 1 hermetic ftas. 
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In summary, the embodiments of the invention can provide a design and a 
manufacturing method for reliable, hermetic ftas for single fibres, multi-fibre ribbons and 
polarisation maintaining fibres that is simple, rapid and tolerant both of variations in 
5 piecepart dimensions and of process fluctuations. 

Any of the features of dependent claims can be combined together or combined with 
any of the independent claims. Other advantages to those set out here may become 
apparent, particularly over other prior art not known to the inventors. 

10 

Brief description of the drawings 

Figure 1 (a) to (d) shows some of the prior art problems that are addressed in the 
1 5 described embodiments of the present invention. 

Figure 2 (a) to (h) shows the assembly sequence of a hermetic feedthrough according 
to an embodiment of the present invention. 

20 Figure 3 (a) and (b) shows the side and top views of a ribbon fibre hermetic fta, 
constructed according to an embodiment of the present invention. 

Figure 4 (a) to (c) shows a variation of the assembly employing a modified rear ferrule 
insert. 

25 

Figure 5 (a) to (c) shows a variation of the assembly employing a modified front ferrule. 

Figure 6 (a) to (c) shows a variation of the assembly employing a crimp between the 
front ferrule and the rear ferrule insert. 

30 

Figure 7 shows a variation of the assembly employing a partially reinstated coating to 
act as a bend limiter. 

Figure 8 shows a variation of the assembly employing a partially reinstated coating 
35 moulded in place to act as an internal bend limiter. 
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Figure 9 (a) to (h) shows a variation of the assembly sequence that provides an in-line 
hermetic feedthrough according to an embodiment of the present invention. 

Figure 10 (a) to (e) shows an assembly sequence for an optical device assembly having 
5 hermetic feedthrough according to an embodiment of the present invention. 

Detailed description 

The design and assembly sequence of one embodiment of the invention is described 
with reference to Figure 2, 

10 

First, (Figure 2 (a)), all polymer sleeving (202) (if any is present) is stripped from a short 
region of the fibre (201). The invention is also applicable to waveguides such as fibres 
with no sleeving, to bare fibre, or fibres with other coatings which are suitable for 
receiving a seal. 

15 

Then, (Figure 2 (b)), the stripped region is inserted into a rear spacer ferrule (203). The 
material for the rear ferrule is chosen to satisfy the conditions that the dimensions can 
be accurately controlled during manufacture, that the ferrule is mechanically stable 
during the temperature excursions consequent upon later soldering of the completed fta 

20 into a package, and that the surface of the ferrule can form a reliable bond to the 
adhesive employed to fix the fibre into the rear ferrule. Thus the rear ferrule could be 
provided as a moulding of a high temperature engineering polymer such as Liquid 
Crystal Polymer (LCP) or Polyetheretherketone (PEEK) or Polyimide, or as a swaged 
tube formed from a suitable alloy such as Kovar, or as a metal injection moulding (MIM) 

25 of a suitable alloy. Preferably, the rear ferrule should be arranged to accommodate a 
short length of the unstripped fibre polymer coating. 

Then, (Figure 2 (c)), the fibre is attached within the rear ferrule using a suitable 
adhesive (204), for example thermosetting epoxy. Preferably, the adhesive is applied to 
30 the rear of the assembly at a temperature such that the adhesive is drawn into the 
assembly by capillary action. The appearance of a fillet of uncured adhesive (21 1) at the 
front of the ferrule then provides inspectable assurance that the adhesive has filled the 
interior of the subassembly, when the cure may progress to completion. 

35 Then, (Figure 2 (d)) f the front sealing ferrule (205) is slid over the stripped fibre to 
engage with the rear spacer ferrule. The front ferrule is provided with a stepped bore 
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(212) at the front end that will subsequently serve to limit the extent of reflow of a 
sealing glass. The front ferrule may be also be provided with a further stepped bore 

(213) at the rear end, or the rear ferrule with a stepped outer surface (214), or both, in 
order to set the extent of interpenetration of the ferrules. The material of the front ferrule 

5 is chosen to satisfy the conditions that its coefficient of thermal expansion is matched to 
or higher than the coefficient of thermal expansion of the solder glass used to effect the 
hermetic seal, and that its surface finish is compatible with the formation of a hermetic 
bond to the reflowed glass sealant. Suitable alloys are Kovar or NIL048 and a suitable 
surface is formed by electoplating Ni followed by Au. The front ferrule may be formed by 
10 conventional machining, or by spark erosion or as a swaged tube or as a MIM moulding. 

Then, (Figure 2 (e)), a solder glass preform (206) is fitted over the stripped fibre. The 
solder glass is typically formed from a high lead content fusible matrix bearing high 
melting point ceramic filler materials to achieve the required coefficient of thermal 
15 expansion. Other sealing methods can be used, such as metal solders in conjunction 
with metallised fibres. 

Then, (Figure 2 (f)), the solder glass preform is heated to reflow round the fibre and wet 
into the front bore of the front ferrule, thus forming a hermetic seal (207). The required 

20 heating may be conveniently supplied by RF induction heating of the front portion of the 
front ferrule, with the ferrule mounted with its long axis substantially vertically, such that 
the glass preform rests in contact with the front surface of the ferrule. At an appropriate 
reflow temperature, the distribution of the fused sealant glass is determined by surface 
tension effects and limited by its viscosity. By the choice of an appropriate time- 

25 temperature profile for the reflow process and appropriate dimensions for the internal 
bore of the front ferrule, the glass sealant can be controlled to flow along the small bore 
at the front of the front ferrule and stop at the step in the internal bore so as to form a 
symmetrical distribution of the sealant glass round the optical fibre. For a 125um fibre in 
a single fibre fta, an appropriate minimum bore is in the region 150um - 350um, and an 

30 appropriate length of the minimum bore is 1mm. 

Then, (Figure 2 (g)), the rear spacer ferrule is attached to the front sealing ferrule, using 
a suitable adhesive (208), for example thermosetting epoxy. A controlled amount of 
adhesive is dispensed at the junction between the two ferrules, and the subsequent 
35 distribution of the uncured adhesive is determined by surface tension effects and limited 
by its viscosity. If the temperature of the assembly is maintained such that the viscosity 
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of the uncured adhesive is low (typically <100Pa.s), then the distribution of the adhesive 
is determined almost entirely by capillary action. The mechanical fit between the front 
and rear ferrules is controlled to be typically <100um, when capillary action ensures that 
the uncured adhesive reliably wets to the front extreme of the rear ferrule, but no 
5 further, filling the space between the two ferrules in the region of ferrule 
interpenetration. The cure of the adhesive is then progressed to completion. This 
assembly sequence ensures that an adhesive-free void (211) is maintained around that 
portion of the stripped fibre between the rear spacer ferrule (203) and the hermetic seal 
(207) at the front of the front sealing ferrule (205). The length of unsupported fibre is 
10 chosen such that in axial compression, under all conditions of axial offset of the two 
ferrules allowed by tolerancing considerations, the fibre is maintained in a state of 
elastic stability against buckling (10). 

This completes the assembly sequence of the fta. 

15 

Subsequently, (Figure 2 (h)), the fta may be threaded into a feedthrough port (209) in 
the wall of a component package and soldered in place (210) to complete the process 
of providing hermetic fibre access through a package wall. 

20 Figure 3 (a) and (b) shows side and top views of a four-fibre ribbon fta constructed 
according to the process outlined above. 

Figure 4 shows the use of a modified rear spacer ferrule design that can ease the 
tolerances required for an adequate fit between the two ferrules. In this embodiment, 

25 the front edge of the rear ferrule (401) is provided with a peripheral 'bead 1 feature (402) 
that forms an interference fit with the rear of the front ferrule (Figure 4 (a)). In principle 
the bead could be on either of the ferrules, or other geometries could be used to 
achieve the interference fit. Upon insertion, the bead deforms (Figure 4 (b)), and serves 
both to centralise the rear ferrule in the front ferrule (providing a more uniform gap 

30 between the ferrules and hence better control of capillary action backfill) and to provide 
a further impedance to flow of the attachment adhesive beyond the front of the rear 
ferrule (Figure 4 (c)). 

Figure 5 shows the use of a modified front ferrule (501) that is provided with a venting 
35 port (502). In principle, the vent port could be located in either the rear or the front 
ferrule. The vent port prevents the pressure of partially trapped air in the void space 
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(505) at the rear of the front ferrule differing significantly from the ambient. First, this 
effectively prevents the generation of tensile strains on the fibre by any 'piston 1 action of 
a closely fitting rear ferrule during the rapid high temperature excursions associated with 
glass sealant (503) reflow (Figure 5 (a)). Second, the vent renders the distribution of the 
5 uncured attachment adhesive (504) immune to any influence of differential pressures 
consequent upon temperature variations of the assembly during dispense and cure 
(Figure 5 (b) and (c)), allowing the distribution of the attachment adhesive to be 
completely determined by capillary action, as outlined above. 

10 Figure 6 shows the use of a modified assembly procedure whereby after insertion of the 
rear ferrule into the front ferrule, a light multipoint crimp (601) is applied to the front 
ferrule over the region of interpenetration. Again, in principle, the crimp could be located 
on either the rear or the front ferrule as desired. 

This serves to centralise the rear ferrule in the front ferrule (providing a more uniform 
15 gap between the ferrules and hence better control of capillary action backfill) and also 
provides re-entrant features on the internal surface of the front ferrule that, when the 
attachment adhesive is cured in place, provide greater immunity of the assembly to 
tensile forces applied to the external fibre pigtail. 

20 In some packaging configurations, the stripped fibre leaving the internal side of the 
hermetic sealing region may be subject to bending stresses, for example in order to 
accommodate misalignments between the feedthrough port and the internal attachment 
of the fibre to the packaged component. In these circumstances, the additional peak 
tensile stresses associated with the bent fibre cantilever tend to occur at the point where 

25 the fibre leaves the support of the sealant material, adding to the surface tensile 
stresses already present as a result of the compressive collar formed by the sealant 
material. This problem can be avoided by providing the fibre with additional mechanical 
support in this region effectively displacing the region of peak bending stress away from 
the region of peak collar stress. 

30 

Figure 7 shows an additional process step whereby the stripped fibre (701) leaving the 
internal side (702) of the hermetic seal is afforded additional protection against bending 
stress by the provision of a partially reinstated coating formed by a cured bead (703) of, 
for example, a uv-curable acrylate resin similar to that used as a primary coating on the 
35 pristine fibre. 
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Figure 8 shows a different embodiment of the partial reinstatement process, whereby 
the fta assembly is placed in a specially constructed mould (801), similar to that used for 
coating reinstatement around a fused fibre splice (Figure 8 (a)). Reinstatement resin 
(802) is then injected into the mould and cured, for example by exposure to uv radiation 
5 through a partial mask (803) (Figure 8 (b)). The mould is then split away to leave the 
bend limiting feature (804) in place (Figure 8 (c)). 

In some packaging configurations, it may be required to route longer fibres within the 
hermetic package, for example in order to gain access to different locations on the 
10 periphery of a packaged component by fibres entering through a common feedthrough 
port. In these circumstances, it is preferable not to remove the protective polymer 
coating from those portions of the fibres forming the internal connections, and it is 
therefore necessary to form a hermetic seal 'in-line 1 on a centrally stripped portion of the 
fibre. 

15 

Figure 9 shows how the assembly procedure according to the present invention may be 
adapted to provide an 'in-line 1 hermetic fta. The fibre is first stripped of its polymer 
coating (902) over a short central region (901) (Figure 9 (a)). The assembly then 
proceeds essentially as outlined above (Figure 9 (b) to (f)), except that the rear spacer 

20 ferrule (903), the front sealing ferrule (904) and the sealant glass preform (905) are all 
provided with minimum internal bores that exceed the dimensions of the unstripped fibre 
coating - typically 250um - such that these components may be threaded into position 
over the stripped portion of the fibre. In a final assembly stage (Figure 9 (g)), the short 
length of stripped fibre (906) remaining at the internal end of the hermetic seal (907) is 

25 protected from bending stresses by the reinstatement of the coating (908) according to 
one of the methods outlined above. 

Subsequently, (Figure 9 (h)), the fta may be threaded into a feedthrough port (909) in 
the wall of a component package and soldered in place (910) to complete the process 
30 of providing hermetic fibre access through a package wall. 

Figures 10a to 10e show an example of a sequence of assembly steps for an optical 
device 945 in a hermetically sealed package 950. First a pair of ftas 930 are assembled, 
each having bend protection on one side. This can be implemented using the methods 
35 described above, or other methods. At fig 10b, there is shown an optical device 945 
assembled and attached to recoated fibre on the sealed side of the ftas. This is easier 
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to accomplish outside the package. At fig 10c the assembly is inserted into the package. 
The package has apertures in the sides, and one end of the assembly is inserted by 
threading through a first aperture. At figure 10d, the other end of the assembly is 
inserted into the other aperture. This normally involves some bending of the assembly, 
5 unless the package is made longer than the assembly, which is usually impractical. The 
bend protection at the fta seals enables this bending to be achieved with less risk of 
damage, and without needing other more expensive fibre supports. The weakest point 
is often the point where the fibre leaves the seal, where the compressive collar formed 
by the sealant material causes localised regions of tensile stress in the surface of the 

10 fibre, thus rendering the fibre more susceptible to cracking. At fig 10e the ftas are 
sealed in the apertures following established practice, and the package lid can be used 
to close the package. Variations of the method include use with single ended devices, 
or devices having more than two fibres, or apertures at different places in the package, 
for example. Clearly some of the optical device assembly can be completed after the 

15 insertion into the package. 

As has been described above, a high reliability hermetic optical fibre feedthrough is 
provided, suitable for single fibre and multiple fibres and polarisation maintaining fibres 
where the seal to the fibres is effected by glass soldering in an arrangement involving 
20 two interpenetrating, closely fitting and substantially coaxial ferrules (203 and 205). This 
arrangement can protect the fibre or fibres from adverse stresses resulting either from 
temperature cycling or from asymmetrical reflow of the sealant material. 

, It will be appreciated by those skilled in the art that although the invention has been 
25 described with reference to specific examples, the invention may be embodied in many 
other forms without departing from the scope of the claims. 
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Claims 

1. A hermetic optical waveguide feedthrough assembly comprising at least one optical 
5 waveguide that has been stripped of any polymer coating and that is located within and 

substantially parallel to the axis of a first ferrule and that is sealed to a first end of the 
first ferrule by means of a sealing material and that is also located within and 
substantially parallel to the axis of a second ferrule to which the said waveguide is 
attached by a first adhesive bond. 

10 

2. The hermetic optical waveguide feedthrough assembly according to Claim 1 , where 
the sealing material is a reflowed glass sealing material. 

3. The hermetic optical waveguide feedthrough assembly according to Claim 1 or Claim 
15 2, where the second ferrule is attached by a second adhesive bond to the second end 

of the first ferrule over a region of mutual interpenetration of the ferrules, and the quality 
of the fit between the two ferrules is such that the distribution of the second adhesive 
during dispense and cure is constrained by capillary action to the region of overlap 
between the two ferrules, thereby ensuring that the length of stripped optical waveguide 
20 between the hermetic seal to the first ferrule and the attachment to the second ferrule is 
maintained free of attachment adhesive. 

4. The hermetic optical waveguide feedthrough assembly according to Claim 3 or any 
preceding claim, where the second ferrule is positioned to wholly enclose the transition 

25 between the stripped and unstripped portions of the said waveguide or waveguides. 

5. The hermetic optical fibre feedthrough assembly according to Claim 4 or any 
preceding claim, where the second ferrule is additionally provided with a stepped bore 
to ensure positive positioning of the second ferrule such that the transition between the 

30 stripped and unstripped portions of the said waveguide or waveguides is wholly 
enclosed within the second ferrule. 

6. The hermetic optical waveguide feedthrough assembly according to Claim 4, or any 
of claims 1 to 3 where the second ferrule is additionally provided with a beaded feature 

35 within the region of interpenetration with the first ferrule, or the first ferrule is provided 
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with such a beaded feature, such that an interference fit is ensured between the first 
ferrule and second ferrule over all the tolerance limits of the two ferrules. 

7. The hermetic optical fibre feedthrough assembly according to Claim 4 or any 
5 preceding claim, where the first or the second ferrule is additionally provided with a 

venting aperture. 

8. The hermetic optical waveguide feedthrough assembly according to Claim 4, or any 
preceding claim where the first or the second ferrule is additionally provided with a light 

10 multipoint crimp to establish an interference fit between the first ferrule and the second 
ferrule over all the tolerance limits of the two ferrules. 

9. The hermetic optical waveguide feedthrough assembly according to Claim 4, or any 
preceding claim, where the first end of the first ferrule incorporates a stepped bore to 

15 act as a limiting feature in controlling the wetting of the reflowed sealing glass material. 

10. The hermetic optical waveguide feedthrough assembly of any preceding Claim, 
where the stripped waveguide issuing from the hermetically sealed end of the first 
ferrule is additionally provided with a region of reinstated polymer coating to act as a 

20 bend limiting feature. 

11. The hermetic optical waveguide feedthrough assembly of any preceding Claim, 
where the bores of the first ferrule, the second ferrule and the sealing glass preform can 
accommodate the unstripped waveguide or waveguides, thereby allowing the assembly 

25 of a hermetic feedthrough at a region of centrally stripped waveguide to form an in-line 
hermetic feedthrough assembly. 

12. The hermetic optical waveguide feedthrough assembly of any preceding Claim, the 
waveguide accommodating multiple fibres formed in an array. 

30 

13. A hermetic optical waveguide feedthrough assembly having a first ferrule around the 
waveguide, a sealing material between the first ferrule and the waveguide, and a 
second ferrule around the waveguide, attached to the waveguide and spaced apart from 
the sealing material. 

35 
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14. A hermetic optical waveguide feedthrough assembly having a ferrule around the 
waveguide, and a sealing material between the ferrule and the waveguide, the ferrule 
having a geometry in the region of the seal such that wetting of the sealing material is 
controlled by the geometry of the sealing ferrule in the region of the seal. 

15. A hermetic optical waveguide feedthrough assembly having a one-piece or multi- 
piece ferrule around the waveguide, a sealing material between the ferrule and the 
waveguide, an attachment adhesive for attaching the ferrule to the waveguide away 
from a region of the sealing material, the geometry of the ferrule being arranged such 
that the adhesive is prevented from wetting into a space between the seal and the 
adhesive. 

16. A hermetic optical waveguide feedthrough assembly for a package, having a ferrule 
around the waveguide, and a sealing material between the ferrule and the waveguide, 
and a protective part around the waveguide where it leaves the sealing material, on a 
side of the ferrule facing into the package, to limit bending of the waveguide. 

17. An optical package having one or more of the hermetic optical waveguide 
feedthrough assemblies of any preceding claim. 

18. A method of assembling a hermetic optical waveguide feedthrough assembly, 
having the steps of: 

attaching a spacer ferrule to the waveguide, 

attaching a sealing ferrule to the spacer ferrule, and 

applying a hermetic seal between the waveguide and the sealing ferrule. 

19. A method of assembling an optical package, comprising the steps of: 
assembling an optical device, 

assembling a hermetic optical waveguide feedthrough assembly as set out in claim 16, 
attaching the optical device to the waveguide having the feedthrough assembly outside 
its package, 

inserting the device into its package and attaching the feedthrough assembly to the 
package. 
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(d) fit front sealing ferrule 
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Figure 3. 
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Figure 4. 
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(b) attaching rear spacer ferrule to front sealing ferrule 
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Figure 5. 
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(a) light crimp front ferrule on to rear spacer ferrule 
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Figure 6. 
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Figure 7. 
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Figure 8. 
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(c) attach rear ferrule 



(d) insert rear spacer ferrule into front sealing ferrule 




(e) reflow glass sealant preform 



Figure 9 (a) to (e) 



6/8 



WO 2004/001476 



PCT/GB2003/002553 
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(g) reinstate fibre coating over hermetic seal 




(h) thread and seal assembly into feedthrough port 

Figure 9 (continued) (f) to (h) 
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